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FOREWORD 
The work descr ibed  h e r e i n  i s  sponsored by t h e  National Aeronautics 
and Space Adminis t ra t ion under Cont rac t  NAS 3-6474. For t h i s  program, 
M r .  R. L. Davies i s  t h e  NASA Pro jec t  Manager. 
The program i s  being adminis tered f o r  t h e  General E l e c t r i c  Company 
by D r .  J. W. Semmel, J r . ,  and E. E. Hoffman i s  a c t i n g  as t h e  Program 
Manager, J. Holowach, t h e  P ro jec t  Engineer,  i s  r e spons ib l e  f o r  t h e  loop  
design,  f a c i l i t i e s  procurement and test ope ra t ions .  R. W. Harr ison,  t h e  
P ro jec t  M e t a l l u r g i s t ,  i s  r e spons ib l e  f o r  t h e  m a t e r i a l s  procurement, 
u t i l i z a t i o n  and eva lua t ion  a spec t s  of t h e  program. Personnel making 
major c o n t r i b u t i o n s  t o  t h e  program dur ing  t h e  c u r r e n t  r e p o r t i n g  per iod 
inc lude  : 
Refrac tory  Alloy Procurement - R. G. Frank and L. B. Engel, Jr. 
Alka l i  M e t a l  P u r i f i c a t i o n  and Handling - D r .  R. B. Hand, L. E. Dotson 
and H. Bradley. 
Welding and Jo in ing  - W. R. Young and S. R. Thompson. 
P a r t i a l  Pressure  Gas Analyzer C a l i b r a t i o n  - D r .  T. F. Lyon. 
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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 
I .  INTRODUCTION 
This  r e p o r t  covers  t h e  per iod from October 15, 1967 t o  January 15, 
1968. The primary t a s k  of t h i s  program i s  t o  f a b r i c a t e ,  o p e r a t e  f o r  
10,000 hours and e v a l u a t e  a T-111 Rankine System Corrosion T e s t  Loop. 
Ma te r i a l s  f o r  eva lua t ion  inc lude  t h e  containment a l l o y ,  T-111 (Ta-8W-2Hf) 
and t h e  tu rb ine  candida te  m a t e r i a l s  Mo-TZC and Cb-132M which a r e  loca t ed  
i n  t h e  t u r b i n e  s imula tor  of t h e  two-phase potassium c i r c u i t  of t h e  
system. The loop  des ign  w i l l  be s i m i l a r  t o  t h e  Cb-1Zr Rankine System 
Corrosion T e s t  Loop; a two-phase, fo rced  convection, potassium cor ros ion  
test loop  which has been developed under Cont rac t  NAS 3-2547. Lithium 
w i l l  be heated by d i r e c t  r e s i s t a n c e  i n  a primary loop. Heat r e j e c t i o n  
f o r  condensation i n  t h e  secondary potassium loop w i l l  be accomplished 
by r a d i a t i o n  i n  a h igh  vacuum environment t o  t h e  w a t e r  cooled chamber. 
The c o m p a t i b i l i t y  of t h e  s e l e c t e d  m a t e r i a l s  w i l l  be eva lua ted  a t  condi- 
t i o n s  r e p r e s e n t a t i v e  of space  electric power s y s t e m  ope ra t ing  cond i t ions ,  
namely : 
a .  
b. 
C .  
d. 
e. 
f .  
g.  
h. 
Boi l ing  temperature ,  2050°F 
Superheat tempera ture ,  2150°F 
Condensing temperature ,  1400°F 
Subcooling temperature,  1000°F 
Mass flow r a t e ,  40 l b / h r  
B o i l e r  e x i t  vapor v e l o c i t y ,  50 f t / s e c  
Average hea t  f l u x  i n  plug (0-18 inches ) ,  240,000 BTU/hr f t  
Average hea t  f l u x  i n  b o i l e r  (0-250 inches ) ,  23,000 BTU/hr f t  
2 
2 
I n  a d d i t i o n  t o  t h e  primary program t a s k  c i t e d  above t h e  program a l s o  
inc ludes  capsu le  t e s t i n g  t o  eva lua te  advanced tantalum a l l o y s  of t h e  
ASTAR 811 type  (Ta-8W-1Hf-1Re) i n  both potassium and l i t h ium.  
-1- 
Also included in the program is the fabrication, 5000-hour operation 
and evaluation of a 2600°F, high flow velocity, pumped lithium loop 
designed to evaluate the compatibility of the ASTAR 811 type alloys, 
T-111, T-222, and the tungsten alloy, W-25Re-30Mo. 
-2- 
11. SUMMARY 
* 
The f a b r i c a t i o n  of t h e  T-111 Rankine System Corros ion  T e s t  Loop 
was completed. The loop  has  been moved t o  t h e  test s i t e  and i s  
p r e s e n t l y  being instrumented. 
A l l  necessary  a l k a l i  meta l  f o r  f i l l i n g  t h e  T-111 Corros ion  Tes t  
Loop has  been prepared. 
The p a r t i a l  p re s su re  g a s  ana lyze r  f o r  t h e  + foo t  diameter vacuum 
chamber has  been ca li bra t ed. 
The EM pump f o r  t h e  2600'F Lithium Loop has  been f a b r i c a t e d .  
Three advanced tan ta lum a l l o y  thermal convec t ion  capsu le s  have 
been f i l l e d  wi th  l i t h i u m  and two advanced tan ta lum a l l o y  r e f l u x  
capsu le s  have been f i l l e d  wi th  potassium. 
-3- 

111. PROGRAM STATUS 
A. T-111 RANKINE SYSTEM CORROSION TEST LOOP 
1. Loop F a b r i c a t i o n  
The f a b r i c a t i o n  s t a t u s  of T-111 Corrosion Tes t  Loop components 
i s  a s  fo l lows:  
As r epor t ed  previously") , t h e  welding of a l l  T-111 Corrosion 
T e s t  Loop Components has  been completed. During t h i s  r e p o r t  period, t h e  
l a s t  major subassembly was completed. The f o u r  major subassemblies were 
then  jo ined  t o  complete t h e  loop  f a b r i c a t i o n .  
The potassium su rge  tank  subassembly, F igu re  1, i l l u s t r a t e s  t h e  
in t e rmed ia t e  f i x t u r i n g  r equ i r ed  t o  main ta in  component o r i e n t a t i o n .  
During t h i s  f a b r i c a t i o n  t h e  p re s su re  t r ansduce r  t ee  welds and t h e  weld 
between t h e  su rge  tank  and EM pump duct  were made and postweld annealed 
l o c a l l y .  Each component had been postweld annealed previous ly .  
The l i t h i u m  h e a t e r  subassembly which c o n s i s t s  of t h e  l i t h i u m  
hea te r ,  EM pump duct ,  and su rge  tank, F igu re  2, w a s  completed. The 
t h r e e  welds r equ i r ed  t o  j o i n  t h e s e  components were annealed l o c a l l y  a t  
2400'F f o r  1 hour i n  accordance with S p e c i f i c a t i o n  SPPS 03-0037-00-A, 
"Postweld Vacuum Annealing of Cb-1Zr and T-111 (Ta-8W-2Hf) Alloys'*. 
The completed l i t h i u m  hea te r ,  condenser, b o i l e r ,  and potassium 
surge  tank  subassemblies were pos i t i oned  i n  t h e  s t a i n l e s s  steel suppor t  
s t r u c t u r e  a t t a c h e d  t o  t h e  vacuum chamber spool s e c t i o n  f o r  r e f e r e n c e  
alignment. The tub ing  which j o i n s  t h e  b o i l e r  and potassium su rge  tank  
subassemblies was match marked f o r  alignment and t h e  two subassemblies 
were removed from the spool s e c t i o n  f o r  welding i n  t h e  e igh t - foo t  diam- 
e ter  ex tens ion  t o  t h e  welding chamber. This  assembly s t e p  was r equ i r ed  
because t h i s  p a r t i c u l a r  weld could  not  be reached wi th  t h e  e n t i r e  loop  
Advanced Refrac tory  Alloy Corros ion  Loop Program, Quar t e r ly  Progress  
Report No. 10, f o r  Per iod  ending October 15, 1967, NASA Contrac t  
NAS 3-6474. 
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pos i t i oned  i n  t h e  welding chamber. A f t e r  rad iographic  i n s p e c t i o n  of 
t h i s  weld, t h i s  u n i t  was r epos i t i oned  i n  t h e  permanent suppor t  
s t r u c t u r e .  
The l i t h i u m  h e a t e r  and condenser subassemblies were a l s o  
pos i t ioned  i n  t h e  suppor t  s t r u c t u r e .  The f i n a l  as'sembly weld f i x t u r e  
was a t t ached  t o  t h e  loop, F igu re  3, hold ing  t h e  subassemblies and t h r e e  
s l a c k  diaphragm pres su re  t r ansduce r s  (not  shown) i n  alignment.  The 
permanent suppor t  s t r u c t u r e  was disassembled and t h e  loop, now 
supported by t h e  welding f i x t u r e ,  was removed from t h e  vacuum chamber 
spool s e c t i o n  and placed i n  t h e  welding chamber a s  shown i n  F igu re  4.  
The seven welds r equ i r ed  t o  j o i n  t h e  subassemblies and 
a t t a c h  t h e  t h r e e  p re s su re  t r ansduce r s  w e r e  i n spec ted  r ad iog raph ica l ly  
and subsequently annealed i n  t h e  welding chamber a t  2400°F f o r  1 hour 
i n  accordance wi th  S p e c i f i c a t i o n  SPPS 03-0037-00-A. 
The loop  was removed from t h e  welding chamber and t h e  
e l e c t r o d e  a r e a  of t h e  l i t h i u m  h e a t e r  and t h e  potassium p rehea te r  were 
g r i t  b l a s t e d  t o  i n c r e a s e  emi t tance  pe r  S p e c i f i c a t i o n  SPPS 03-0011-00-A, 
G r i t  B l a s t i n g  of Columbium and Columbium Alloy Products". The loop  l* 
was then  pos i t i oned  i n  t h e  vacuum chamber spool  s e c t i o n  and the  perm- 
anent support  s t r u c t u r e  was a f f i x e d .  A f t e r  t h e  loop  was supported 
properly t h e  f i n a l  welding f i x t u r e  was removed. An o v e r a l l  view of 
t h e  loop and spool p i ece  is  shown i n  F igu re  5. A close-up photograph 
of t h e  components i n  t h e  lower p o r t i o n  of t h e  loop  i s  given i n  F igu re  6. 
The s t a i n l e s s  steel  tube  a t tachments  t o  t h e  d r a i n  and gas  
p r e s s u r i z a t i o n  l i n e s  were welded t o  t h e  loop connec t ions  and vacuum 
chamber feedthroughs.  A f i n a l  mass spec t rometer  helium l e a k  test was 
then performed on t h e  e n t i r e  loop  wi th  no l eak  i n d i c a t i o n .  The vacuum 
connections f o r  t h e  NaK-filled tubes  from t h e  s l a c k  diaphragm pres su re  
t ransducer  and t h e  EM pump duct s t a i n l e s s  steel o u t e r  cans were welded 
t o  t h e  a p p r o p r i a t e  vacuum spool s e c t i o n  feedthroughs.  The completed 
loop was then  removed t o  t h e  tes t  si te.  
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Figure 3. T-111 Corrosion T e s t  Loop and Chamber Spool Piece During the 
Transfer of the Loop from the Support Structure t o  the Welding 
Fixture. (Or i g  . C67112232) 
-9- 
I 
Figure 4. T-111 Corrosion T e s t  Loop Mounted on the Welding Fixture Pr ior  t o  
Final  Welding and Weld Heat Treatment Operations. (Orig. C67120714 
-10- 
Figure 5. T-111 Corrosion Test Loop and the Vacuum Chamber Spool Piece 
Following Completion of Loop Fabrication. (Orig. 667122143] 
-11 - 
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2. A l k a l i  Metal P u r i f i c a t i o n  
Twelve pounds of h o t  t rapped  l i t h i u m  were d i s t i l l e d  a t  1235'F, 
thereby  making a t o t a l  of 15 pounds of d i s t i l l e d  l i t h i u m  a v a i l a b l e  for 
f i l l i n g  t h e  T-111 Corros ion  Tes t  Loop. Analysis f o r  n i t r o g e n  i n d i c a t e d  
a concen t r a t ion  of less than  5 ppm. Analys is  f o r  oxygen, by f a s t  neut ron  
a c t i v a t i o n  a t  Gulf General Atomic, i n d i c a t e d  a concen t r a t ion  of 273 i 5 6  
ppm. Oxygen a n a l y s i s  u s ing  t h e  vacuum d i s t i l l a t i o n  method w i l l  be 
performed by R. Gahn a t  NASA-Lewis Research Center  a t  a l a t e r  d a t e .  
The anomalously h igh  va lues  f o r  oxygen which have been obta ined  by 
neut ron  a c t i v a t i o n  a r e  be l i eved  i n  e r r o r .  Th i s  conclus ion  i s  based on 
s i m i l a r l y  h i g h  neut ron  a c t i v a t i o n  oxygen r e s u l t s  ob ta ined  f o r  potassium 
of known low oxygen concen t r a t ion .  
F i v e  pounds of ho t  t rapped  potassium were d i s t i l l e d  a t  550°F, 
making 18 pounds of potassium a v a i l a b l e  f o r  t h e  T-111 Corros ion  Tes t  
Loop. Analys is  of the  d i s t i l l a t e  i n d i c a t e d  a n  oxygen concen t r a t ion  of 
5 ppm. A sample of the d i s t i l l e d  potassium w i l l  a l s o  be analyzed f o r  
oxygen by f a s t  neut ron  a c t i v a t i o n  a t  Gulf General Atomic a s  an  addi- 
t i o n a l  check on t h e  techniques  and procedures employed. 
The dua l  t r a n s f e r  system f o r  f i l l i n g  the  T-111 Corros ion  T e s t  
Loop System was prepared f o r  i n s t a l l a t i o n  and w i l l  be a t t a c h e d  t o  the 
loop  and p u r i f i c a t i o n  systems when t h e  loop  has  been i n s t a l l e d  i n  t h e  
vacuum chamber 
3. I n s t a l l a t i o n  and Ins t rumen ta t ion  of the T-111 Corros ion  Tes t  
]LOOP -
Following t h e  completion of l oop  f a b r i c a t i o n  and mounting of 
t he  loop  on t h e  test chamber spool  p i ece ,  t h e  loop  was t r a n s f e r r e d  from 
the f a b r i c a t i o n  a r e a  t o  the  test o p e r a t i o n  a rea  by pneumatic-wheeled 
t r u c k  t r a v e l i n g  a t  a maximum speed of 5 m i l e s  pe r  hour. During t h e  
t r a n s f e r ,  the e n t i r e  loop  w a s  covered w i t h  a po lye thylene  bag and a l l  
gas  p r e s s u r i z a t i o n  and l i q u i d  metal  f i l l  l i n e s  were s e a l e d  w i t h  gas- 
t i g h t  OD compression f i t t i n g s  . * 
* 
Imper ia l  Brass Mfg. Go .  Model No. 240-F 
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The test  loop was pos i t ioned  nea r  t h e  vacuum system, and an 
a i r  shel ter  was assembled over  the loop. The a i r  shelter, which was 
previous ly  used f o r  ins t rumenta t ion  of t h e  Cb-1Zr Rankine System 
Corrosion T e s t  Loop(2), i s  a r e in fo rced  polyethylene hemisphere approxi- 
mately 15  f e e t  i n  diameter  by 15  f e e t  h igh  and i s  supported by 0.2 ps ig  
a i r  p re s su re  suppl ied  by a c e n t r i f u g a l  blower. The loop  i s  a t  ground 
l e v e l  and i s  r e a d i l y  a c c e s s i b l e  f o r  ins t rumenta t ion .  A l l  personnel a r e  
requi red  t o  wear c l ean ,  w h i t e  dacron g loves ,  shoe covers  and c o v e r a l l s  
while  working i n  t h e  a i r  s h e l t e r .  
The temporary support  b racke t s  used i n  the f a b r i c a t i o n  and 
t r a n s f e r  of t h e  loop were removed and permanent support  b racke t s  and 
ins t rumenta t ion  channels  f o r  rou t ing  thermocouple and p res su re  sensor  
l e a d  wires were i n s t a l l e d .  The copper bus ba r s  f o r  both t h e  potassium 
p rehea te r  and l i t h i u m  h e a t e r  were a l s o  i n s t a l l e d  a t  t h i s  t i m e ,  s i n c e  
t h e y  a l s o  s e r v e  a s  s t r u c t u r a l  support  members t o  main ta in  the  h e l i c a l  
h e a t e r  c o i l s  i n  pos i t i on .  
Thermal i n s u l a t i o n  c o n s i s t i n g  of m u l t i p l e  l a y e r s  of Cb-1Zr 
f o i l  i s  s imultaneously being appl ied  t o  t h e  loop a s  the  thermocouples 
a r e  being i n s t a l l e d .  The procedure vused i s  s i m i l a r  t o  t h a t  developed 
i n  ins t rument ing  the  Cb-1Zr Rankine System Corrosion T e s t  A l l  
thermocouples a r e  made from s i n g l e  l o t s  of t h e  0.005-inch W-3Re/W-25Re 
w i r e  which was a l s o  used i n  t h e  Cb-1Zr Corrosion Tes t  Loop. Beryllium 
oxide  (99.5%) i n s u l a t o r s  a r e  used  a t  the  h o t  j u n c t i o n  of the  thermo- 
couple  where con tac t  w i t h  t h e  T-111 s u r f a c e  i s  i n  excess  of 1800OF. 
Aluminum oxide  (99.5%) i n s u l a t o r s  a r e  used where t h e  temperature  i s  less 
than 1800'F and f o r  a l l  thermocouple l e a d  wires i n s i d e  t h e  vacuum chamber. 
A l l  i n s u l a t o r s  were baked ou t  a t  a p re s su re  of 1 x 10  t o r r  f o r  1 hour -5 
a t  2000'F before  i n s t a l l a t i o n .  
(2)  Potassium Corrosion T e s t  Loop Development, Quar t e r ly  
No. 8 f o r  Per iod Ending J u l y  15, 1965, NASA Cont rac t  
Progress  Report 
NAS 3-2547, 
(3) 
NASA-CR- 54843 p . 10. 
i b i d . ,  p. 17.  
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4. 
The p a r t i a l  p re s su re  gas  a n a l y z e r  fo r  t h e  Corros ion  T e s t  Loop 
vacuum chamber has been c a l i b r a t e d  f o r  hydrogen, helium, n i t rogen ,  and 
argon. The ana lyze r  t ube  (GE Model 22PT 120) has  r e c e n t l y  been r ece ived  
from t h e  manufacturer where i t  was c leaned  and ad jus tments  made to  the 
i o n  source .  The tube  w a s  mounted on t h e  chamber, and t h e  empty chamber 
w a s  evacuated without t h e  spool  p iece .  A f t e r  the  chamber had been baked 
o u t ,  and p r i o r  t o  c a l i b r a t i o n  of t h e  ana lyzer ,  a base p re s su re  of 3.9 x 
lo-' t o r r  was obta ined .  
The c a l i b r a t i o n  of t h e  p a r t i a l  p r e s s u r e  gas  a n a l y z e r  was made 
by admi t t i ng  a pure g a s  to  the chamber through a v a r i a b l e  l e a k  va lve  
(Granv i l l e -Ph i l l i p s  S e r i e s  203). When t h e  p r e s s u r e  had s t a b i l i z e d ,  a 
reading  of t h e  system i o n  gauge was made, and a mass spectrum was obta ined .  
Th i s  process  w a s  repea ted  a t  va r ious  p re s su res  f o r  each of the f o u r  
c a l i b r a t i n g  gases .  From these da ta ,  c a l i b r a t i o n  f a c t o r s  f o r  each of t he  
gases  were c a l c u l a t e d .  The c a l i b r a t i o n  f a c t o r  ( t o r r  p e r  amp) i s  here 
def ined  a s  t h e  i o n  gauge r ead ing  pe r  u n i t  i o n  c u r r e n t  from the ana lyze r  
f o r  a p a r t i c u l a r  pure gas. Appropriate c o r r e c t i o n s  were app l i ed  when 
apprec iab le  p a r t i a l  p re s su res  of gases  o t h e r  than  t h e  c a l i b r a t i n g  gas  
w e r e  p re sen t .  
The c a l i b r a t i o n  f a c t o r s  t h u s  ob ta ined  a r e  shown i n  Table I. 
C a l i b r a t i o n  f a c t o r s  f o r  gases  o t h e r  t han  those  fo r  which a d i rec t  c a l i -  
b r a t i o n  was made were ob ta ined  by i n t e r p o l a t i o n  or e x t r a p o l a t i o n .  Also 
g iven  i n  Table  I a r e  i o n i z a t i o n  gauge s e n s i t i v i t i e s  r e l a t i v e  t o  n i t r o g e n  
f o r  each of the  gases  t abu la t ed .  
Q u a n t i t a t i v e  da ta  may thus  be ob ta ined  from t h e  m a s s  s p e c t r a  
as follows: t o  o b t a i n  i n d i c a t e d  i o n i z a t i o n  gauge p a r t i a l  p re s su re ,  the  
i o n  c u r r e n t  a t  a p a r t i c u l a r  mass number i s  m u l t i p l i e d  by t h e  a p p r o p r i a t e  
c a l i b r a t i o n  f a c t o r ;  t o  o b t a i n  t r u e  p a r t i a l  p re s su re ,  t h e  i n d i c a t e d  
i o n i z a t i o n  gauge p a r t i a l  p r e s s u r e  i s  d iv ided  by the  r e l a t i v e  i o n i z a t i o n  
gauge s e n s i t i v i t y .  
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TABLE I .  PARTIAL PRESSURE GAS ANALYZER CALIBRATION FACTORS 
Pa r en t  
Specie  
H e  
CH4 
H2° 
N e  
CO o r  N2 
C a l i b r a t i o n  Fac to r  Re la t ive  I o n i z a t i o n  
- m / e  (torr/amp) Gauge S e n s i t i v i t y  
2 1.02 0.42 
4 5.9 0.19 
16 (2.5) 1.07 
18 (2.7) 0.89 
20 (2.9) 0.33 
28 3.9 1.00 
32 
A r  40 
O2 (4.6) 
6 .3  
0.85 
1.56 
44 (7.2)  1.37 
c02 
NOTE: Values i n  parentheses  obta ined  by i n t e r p o l a t i o n  o r  e x t r a p o l a t i o n .  
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5. Tes t  Plan f o r  t h e  T-111 Rankine System Corros ion  Tes t  Loop 
The Tes t  P lan  f o r  t h e  T-111 Rankine System Corros ion  Tes t  
Loop was completed and submitted t o  t h e  NASA Program Manager f o r  review 
and approval.  The Tes t  Plan was approved on January 12, 1968 and w i l l  
be i s s u e d  dur ing  t h e  next r e p o r t i n g  per iod .  
B. ADVANCED TANTALUM ALLOY CAPSULE TESTS 
The advanced tantalum a l l o y  capsu le s  a r e  shown, p r i o r  t o  f i n a l  
assembly, i n  F igu res  7-9. The two ASTAR 811C potassium r e f l u x  capsu le s  
con ta in  oxygen contaminated specimens of ASTAR 8 1 1 C  and T-111 i n  t h e  
as-welded and welded and annealed cond i t ions  a s  shown i n  F igu re  7 .  The 
two ASTAR 811C l i t h i u m  thermal convection capsu le s  c o n t a i n  s i m i l a r  
specimens t o  t h e  potassium r e f l u x  capsu le s ,  Specimens of ASTAR 811C 
i n  t h e  as-received, welded, and annealed c o n d i t i o n s  a r e  a l s o  inc luded  
i n  t h e s e  capsules ,  a s  shown i n  F igu re  8. The ASTAR 811CN l i t h i u m  
thermal convection capsu le  shown i n  F igu re  9, c o n t a i n s  s i x  (6)  ASTAR 
8 1 1 C N  stress r u p t u r e  specimens.  
A f t e r  assembly of t h e  specimens i n t o  t h e  capsu le s ,  t h e  l a r g e r  t o p  
cap  was welded t o  t h e  capsu le  body. The sma l l e r  c a p  wi th  t h e  thermo- 
couple w e l l  was welded i n  p l ace  a f t e r  t h e  capsu le s  were f i l l e d  wi th  
a l k a l i  metal .  The assembled capsu le s  were placed i n  t h e  30 KV e l e c t r o n  
beam welding chamber, shown i n  F igu re  10, f o r  f i l l i n g  wi th  a l k a l i  metal .  
The potassium r e f l u x  capsu le s  were f i l l e d  with potassium procured from 
Mine Sa fe ty  Appliances Research Corpora t ion .  This  h igh  p u r i t y  g rade  
potassium was h o t  t rapped  and d i s t i l l e d  before  shipment t o  General 
E lec t r ic .  The potassium was f u r t h e r  p u r i f i e d  a t  General E lec t r ic  by 
-5  
vacuum d i s t i l l a t i o n  a t  approximately 600°F a t  a p re s su re  i n  t h e  10 
t o r r  range i n t o  a t i t an ium l i n e d  ho t  t r a p .  The p u r i f i c a t i o n  appara tus  
i s  shown i n  F igure  11. The hot  t r a p  was used i n  t h i s  c a s e  a s  a c l e a n  
s to rage  and t r a n s f e r  con ta ine r .  I n  t h e  f i l l i n g  o p e r a t i o n  potassium 
was t r a n s f e r e d  under a rgon  p res su re  from t h e  ho t  t r a p  i n t o  t h e  annu la r  
d i spens ing  r e s e r v o i r ,  shown i n  F igu re  12, t o  a p r e c a l c u l a t e d  he igh t  
corresponding t o  t h e  volume requ i r ed  t o  fill each capsule .  The l i q u i d  
-17- 
SPECIMENS 
Oxygen Contaminated ASTAR 
Oxygen contaminated ASTAR 
and Postweld Annealed 
Oxygen Contaminated T-111 
Oxygen Contaminated T-111 
and Postweld Annealed 
811C Welded 
8 1 1 C W e  1 ded 
Welded 
Welded 
_ _  
Figure 7 .  Advanced Tantalum A l l o y  ASTAR 811C - Potassium'Reflux Capsule- 
(Orig .  C67111011) 
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B. 
C .  
D .  
E .  
F .  
G. 
SPECIMlRYS 
Oxygen Contamimtited ASTAR 
Oxygen Contaminated ASTAR 
and Postweld Annealed 
ASTAR 811C Welded 
ASTAR 811C Welded and Post 
ASTAR 811C Stress  Rupture 
Oxygen Contaminated T-111 
Oxygen Contaminated T-111 
and Postweld Annealed 
811C Welde 
8 1 1C W e  lde  
;weld Annea 
SpeCimens 
Welded 
Welded 
d 
,d 
. l ed  
Figure 8.  Advanced Tantalum Alloy ASTAR 811C - Lithium Thermal Convection 
Capsule. (Orig. C67111017) 
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Figure 9. Advanced Tantalum Alloy ASTAR 811CN - Lithium Thermal Convection 
Capsule. (Qrig. C67111018) 
-20- 
c 
-21- 
-22- 
E 
u" 
d 
7 rn n 
. 
eu 
d 
-23- 
metal l e v e l  was determined by means of a MSA Research Corpora t ion  Level 
Probe. The measured volume was then t r a n s f e r e d  under argon p res su re  
through t h e  bellows-sealed f i l l i n g  l i n e ,  shown i n  F i g u r e  13, i n t o  t h e  
capsule .  Each capsu le  was pos i t i oned  under t h e  f i l l  l i n e  by means of 
a manipulator and a f l e x i b l e  c a b l e  which was a t t a c h e d  on one end t o  a 
gea r  t r a i n  on t h e  t u r n t a b l e  and on t h e  o t h e r  end t o  a crank o u t s i d e  
t h e  chamber, F igu res  10 and 13. A waste c o n t a i n e r  was placed on t h e  
r o t a t i n g  t a b l e  t o  provide a means of i n i t i a l  f l u s h i n g  ou t  t h e  f i l l  l i n e  
with potassium. When f i l l e d ,  each capsu le  w a s  r o t a t e d  from under t h e  
f i l l  l i n e  and capsu le  l i d s  were put i n  p l ace  wi th  t h e  manipulator.  The 
manipulator i s  s e a l e d  t o  t h e  chamber door by means of s l i d i n g  O-ring 
s e a l s .  
t h e  t a b l e  hold ing  t h e  capsu le  u t i l i z i n g  t h e  f l e x i b l e  c a b l e  d r i v e .  The 
g e a r  on each capsu le  was ad jus t ed  t o  mesh wi th  t h e  welding d r i v e  g e a r  
such t h a t  t h e  capsu le s  r o t a t e d  around t h e i r  axes dur ing  welding. Th i s  
g e a r  was c o n t r o l l e d  by a v a r i a b l e  speed motor t o  r o t a t e  a t  t h e  optimum 
welding speed. Copper c h i l l  blocks were f i t t e d  on each capsu le  t o  
reduce the hea t  conduction a long  t h e  capsu le  du r ing  welding thereby 
minimizing t h e  p o s s i b l e  vapor i za t ion  of t h e  potassium which might cause  
unsound welds. 
The capsu le  was pos i t i oned  under t h e  EB welding gun by moving 
Ana ly t i ca l  samples of t h e  potassium were ob ta ined  by f i l l i n g  a 
s t a i n l e s s  s teel  tube  i n  t h e  same manner a s  t h e  capsu le s  were f i l l e d .  
The r e s u l t i n g  oxygen ana lyses  by t h e  mercury  amalgamation method i n d i -  
c a t e d  t h e  oxygen concen t r a t ion  t o  be  9 ppm. M e t a l l i c  i m p u r i t i e s  were 
determined by spec t rog raph ic  a n a l y s i s  and a r e  presented  i n  Table 11. 
The thermal convection capsu le s  were f i l l e d  wi th  d i s t i l l e d  l i t h i u m  
obta ined  from t h e  t r a n s f e r  c o n t a i n e r  shown i n  F igu re  14. The l i t h i u m  
was procured from Lithium Corpora t ion  of America, B e s s e m e r  C i t y ,  North 
Caro l ina ,  and f u r t h e r  p u r i f i e d  a t  General Electric by f i l t e r i n g  through 
a 5 micron f i l t e r ,  ho t  t r app ing  126 hours a t  1500OF i n  a t i t an ium l i n e d ,  
zirconium g e t t e r  ho t  t r a p ,  and d i s t i l l i n g  a t  1235OF. The d i s t i l l a t i o n  
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TABLE 11. SPECTRDGRAPHIC ANALYSIS OF ALKALI METALS USED I N  ADVANCED 
TANTALUM ALLOY CAPSULE TESTS 
C o n c e n t r a t i o n ,  ppm 
E 1 emen t P o t  a s sium L i t  h i  um 
< 2  < 5  
A 1  < 2  < 5  
B < 10 < 50 
Ba < 10 < 50 
Be < 10 < 5  
Ca < 2  < 5  
Cb < 10 < 25 
co < 2  < 5  
C r  < 2  < 5  
c u  
Fe 
Mg 
Mn 
M o  
Na 
N i  
Pb 
S i  
Sn 
S r  
T i  
V 
Z r  
< 2  
< 2  
< 2  
< 2  
< 2  
< 2  
< 2  
< 2  
< 5  
< 5  
< 5  
< 5  
< 5  
< 25 
< 5  
< 25 
5 
< 25 
< 5  
< 25 
< 25 
< 25 
I 
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I 
procedure was descr ibed  i n  an e a r l i e r  r epor t (4 ) .  The chemical a n a l y s i s  
of t he  d i s t i l l e d  l i t h i u m  i s  presented  i n  Table  11. The l i t h i u m  f i l l i n g  
o p e r a t i o n  was performed s i m i l a r l y  t o  t h a t  p rev ious ly  descr ibed  f o r  
f i l l i n g  capsu le s  wi th  potassium w i t h  t w o  d i f f e r e n c e s  i n  t h e  procedure. 
F i r s t ,  t h e  thermal convec t ion  capsu le s  were preheated t o  400°F by means 
of t u b u l a r  h e a t i n g  elements coiled around each capsule .  Prehea t ing  was 
employed to  keep t h e  l i t h i u m  molten i n  t h e  capsu le  dur ing  f i l l i n g  t h u s  
l i m i t i n g  t h e  p o s s i b i l i t y  of f r e e z i n g  caus ing  a b r idge  i n  t h e  small  
annular  space  between t h e  capsu le  wal l  and t h e  specimens conta ined  
t h e r e i n .  Second, t h e  thermal convec t ion  capsu le s  were s e a l e d  by TIG 
welding i n  helium t o  o b t a i n  a room temperature helium p res su re  of 1 
atmosphere i n s i d e  each capsule.  A t  t h e  capsu le  temperatures of 2300°F 
t h e  helium pres su re  above t h e  l i t h i u m  w i l l  be approximately 195  p s i .  
Th i s  helium ove rp res su re  w i l l  reduce t h e  p o s s i b i l i t y  of l i t h i u m  b o i l i n g  
i n s t a b i l i t i e s  i n t e r f e r r i n g  w i t h  thermal convection flow. Ana ly t i ca l  
a n a l y s i s  of the l i t h i u m  sample taken  dur ing  f i l l i n g  i n d i c a t e d  a n i t rogen  
concen t r a t ion  of 5 ppm. The  thermal convection capsu le s  were helium 
mass spec t rometer  l e a k  checked a f t e r  s e a l i n g  t o  detect any out leakage  
of helium. Minor helium leakage  was de t ec t ed  i n  the ASTAR 8 1 1 C  capsu le s .  
The capsu le s  were subsequently re-evacuated and t h e  l i d s  r e s e a l e d  by 
TIG welding under 1 atmosphere of helium. Mass spec t romet r i c  l e a k  check- 
i n g  i n d i c a t e d  no l eaks .  
C. 2600°F LITHIUM LOOP FABRICATION 
During t h i s  r e p o r t  period, o r d e r s  were placed for machining of 
loop  test s e c t i o n  components. Delivery i s  scheduled f o r  the end of 
January . 
(4) Advanced Refrac tory  Alloy Corros ion  Loop Program, Quarter1 y Progress  
Report No. 9 for  Per iod  Ending J u l y  15, 1967, NASA Cont rac t  NAS 3-6474, 
NASA-CR-72336, p. 15. 
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The f a b r i c a t i o n  of t he  loop  EM pump duct proceeded w i t h  t h e  r e c e i p t  
of a l l  machined components as shown i n  F igu re  15. The weld between t h e  
h e l i c a l  duc t  and the pump ex i t  l i n e ,  3/8-inch OD x 0,065-inch wal l ,  was 
then made. 
was performed without i n c i d e n t .  The h e l i c a l  duc t  ,was immersed i n  l i q u i d  
n i t rogen  t o  provide a d i ame t ra l  c l e a r a n c e  between i t  and t h e  o u t e r  
wrapper which remained a t  room temperature.  The c l o s u r e  welds on t h e  
end cap  and connector were then  made. F i n a l  machining of t h e  o u t s i d e  
diameter,  completed t h e  EM pump duc t  a s  shown i n  F i g u r e  15, The 
t o r s i o n  tube  (not shown) which prevents  pump duc t  r o t a t i o n  w i l l  be 
welded i n  p l a c e  p r i o r  t o  postweld annea l ing  of t h i s  component. 
The i n t e r f e r e n c e  f i t  between t h e  h e l i c a l  duc t  and wrapper 
The Cb-1Zr surge  tank  f o r  t h i s  loop  i s  a l s o  n e a r l y  completed. The 
gas p r e s s u r i z a t i o n ,  d r a i n ,  and f i l l  tubes  have been welded i n  p lace .  
Welding of t h e  end caps t o  t h e  tank  body w i l l  complete t h i s  component. 
-29- 
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IV. FUTURE PLANS 
A. Instrumentation of the T-111 Corrosion Test Loop will be completed. 
E. Lithium and potassium will be transferred from the purification 
systems to the two circuits of the T-111 Corrosion Test Loop. 
C .  Pre-test calibration of the T-111 Corrosion Test Loop instrumenta- 
tion will be performed. 
D. Fabrication of the 2600'F Lithium Loop will be completed. 
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